Abstract A software architecture is described which significantly improves the accessability of multiple home appliances on a heterogeneous home network. Methods for aggregating devices into virtual clusters on a local middleware server are described. These metadevices combine the functionalities of multiple devices but are presented to the user as a single device with a single user interface. Some practical examples of working A/V metadevices are given.'
[11 INTRODUCTION Recent advances in physical layer technologies have led to powerline and wireless technologies which can link home appliances at wired Ethernet speeds. Further, an increasing number of consumer electronic (CE) appliances now support Ethernet connectivity. It has also been noted [1] that the driving force behind home networking is no longer the brown-goods sector, but rather the proliferation of multi-PC households. As people install networking to interlink their home computers and laptops a new market opportunity is presented to the consumer electronics sector. New home audio/video appliances based on PC technology have begun to emerge: digital music has driven the market for MP3 appliances and the digital recording of TV has created a new home A/V product category -the personal video recorder (PVR). In the next 1-2 years we can see the proliferation of many other digital CE appliances.
In parallel 802.11 wireless LAN (WLAN) technology is emerging as a means of retrofit home A/V networking. The cost of 802.1lg access points has fallen below 100 Euro which is beginning to drive the market for networked CE products as consumers begin to perceive the benefits and simplicity of these new wireless networking technologies.
Taking a longer term view it is clear that a new generation of digital CE appliances will start to become integrated with the home PC network -the marginal costs of adding network connectivity are low enough and the potential added-value for an appliance with PC connectivity is enormous. Furthermore, many manufacturers are already moving away from the business model of simply selling end-users a product; they now seek to provide a service which keeps then in direct contact with the consumer throughout the life-cycle of their product. This opens up additional opportunities to present add-on products and services to consumers. Thus Clearly UPnP provides much of the initial core infrastructure required by our UHSI engine. In particular it allows network control devices to establish links with and control other devices on the network. This is extremely useful in the context of our UHSI approach because it allows us to implement a single server-based control device which can gather and collate information about network devices. As this data is provided in XML format it is quite easy to rearrange and manipulate it for the purposes of our UHSI application layer.
PROTOTYPE NETWORK APPLIANCES
Although there have been some recent examples of networked consumer electronic (CE) devices, particularly in emerging market segments such as Personal Video Recorders (PVRs) there is still a shortage of non-proprietary digital A/V appliances. Fortunately it is quite easy to prototype network appliances using commercial off-theshelf components (COTS). In particular we note that several Taiwanese PC manufacturers have now focussed on this emerging market segment-e.g.
-and it is possible to build, as an example, a prototype MPEG streaming appliance and PVR for under USD 500. As part of this project we have constructed and commissioned several prototype multimedia ANV appliances [7] . One project goal, tangential to the main research, is to learn and experiment with these prototype appliances to determine if any new and compelling A/V services which harness the capabilities of these next-generation appliances will suggest themselves.
UNIFIED HOME SERVICES INFRASTRUCTURE (UHSI)
The software architecture of the UHSI is illustrated in Fig  3 below . Note that the UHSI engine could run on any appliance connected to the home network. In our proposed implementation it will run on a Home Gateway appliance which also allows the UHSI to directly access and act as a broker for services on external broadband networks. 
